All relevant data are within the paper and its Supporting Information files.

Introduction {#sec005}
============

With the increase of life expectancy, the proportion of people aged 65 years and over has increased five-fold during the last 15 years \[[@pone.0230914.ref001]\]. Recent approaches have forecasted an increase in life expectancy by 4.4 years for both sexes by 2040, exceeding 85 years in many developed countries \[[@pone.0230914.ref002]\]. Indeed, although an increase in functional impairment and frailty is observed with aging, life expectancy for those aged between 80 years and 85 years is still 8 years \[[@pone.0230914.ref003]--[@pone.0230914.ref005]\], with a consequent greater chance for clinicians to diagnose diseases and treat patients at an advanced age.

Colorectal cancer (CRC) is the third most incident cancer in adults \[[@pone.0230914.ref006], [@pone.0230914.ref007]\] and the second most common cause of cancer-related death in Europe \[[@pone.0230914.ref008]\]. In 20--25% of cases, CRC presents with simultaneous liver metastases (American Joint Committee on Cancer \[[@pone.0230914.ref009]\], AJCC stage IV) and 85% of these lesions are not resectable at diagnosis \[[@pone.0230914.ref007], [@pone.0230914.ref010], [@pone.0230914.ref011]\]. Moreover, an additional 25--50% of CRC patients will develop metachronous metastases after the resection of the primary tumor, with the liver as the most frequent initial recurrence site \[[@pone.0230914.ref012]--[@pone.0230914.ref014]\]. In the case of metastatic CRC (mCRC), a multimodality treatment is required \[[@pone.0230914.ref015], [@pone.0230914.ref016]\]. Hepatectomy for colorectal liver metastasis (CRLM) offers the highest cure rate and is indicated for adult patients with primarily resectable disease or after downstaging chemotherapy \[[@pone.0230914.ref011], [@pone.0230914.ref017], [@pone.0230914.ref018]\], with a 5-year survival rate that ranges from 35% to 60% \[[@pone.0230914.ref019]\]. Alternative treatments include chemotherapy (CT) regimens, local ablation therapies, radio-embolization and hepatic intra-arterial chemotherapy \[[@pone.0230914.ref015], [@pone.0230914.ref020]--[@pone.0230914.ref022]\].

The yearly incidence of CRC has increased in people aged 75 years or older \[[@pone.0230914.ref023]\]. In France, 45% of new cases have occurred in patients aged 75 years or older \[[@pone.0230914.ref024]\]. In general, there is less frequency of chemotherapy or liver surgery for mCRC in older populations \[[@pone.0230914.ref025], [@pone.0230914.ref026]\]. Non-surgical therapies are favored in older patients with the assumption that advanced age and the presence of comorbidities yield a higher risk of surgical morbidity and mortality \[[@pone.0230914.ref014]\]. Age is often considered a risk factor for poorer postoperative outcomes; however, compelling evidence supports that it is not the actual chronological age of the patient that constitutes a risk for surgery but rather the quality of aging, comorbidity and the functional status that define the condition of frailty \[[@pone.0230914.ref027]--[@pone.0230914.ref029]\]. Therefore, caring for older patients with mCRC is an ongoing challenge and to date, there is still a lack of guidelines to support the decision of the optimal strategy for the management of mCRC in older patients (age ≥ 65 years)\[[@pone.0230914.ref014], [@pone.0230914.ref025], [@pone.0230914.ref030]\].

This study aimed to explore the current literature to *i*) describe the current trend of regional treatments for mCRC in older patients and *ii)* evaluate the clinical and oncological outcomes of surgery and regional treatment options in older vs. younger patients.

Methods {#sec006}
=======

Study design {#sec007}
------------

This is a systematic review and meta-analysis designed to describe and evaluate the outcomes of different regional treatments (i.e., surgery, radiofrequency, cryotherapy, microwave ablation, electroporation, and radioembolization) in the case of treatable mCRC in older patients. The present report is structured according to recommendations by the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines \[[@pone.0230914.ref031], [@pone.0230914.ref032]\], and the study protocol has been registered in the PROSPERO database (provisional registration number: 132956).

Eligibility criteria for study inclusion {#sec008}
----------------------------------------

Studies were eligible for inclusion if they met the criteria established by the following PICOS framework:

*Patients*: patients aged ≥65 years and diagnosed with mCRC (AJCC stage IV)\[[@pone.0230914.ref033], [@pone.0230914.ref034]\].

*Intervention*: regional treatments including curative-intent surgical resection, radioembolization, cryotherapy, microwave ablation, electroporation, regional hepatic intra-arterial chemotherapy, and chemoembolization for synchronous or metachronous mCRC \[[@pone.0230914.ref022]\].

*Comparison*: according to the patients' age (e.g., surgical resection in older vs. surgical resection in younger patients) or the type of intervention (e.g., surgical resection vs. chemotherapy in older patients).

*Outcomes*: operative and postoperative outcomes (e.g., morbidity, mortality) and survival rates (overall survival, OS; disease-free survival, DFS).

*Study design*: randomized controlled trials (RCTs), non-randomized controlled trials (NRCTs), and observational case-control and cohort studies.

Search strategy {#sec009}
---------------

Relevant human studies were identified up to March 2019 from the following online available databases: MEDLINE (through PubMed), EMBASE, Cochrane Library, and ClinicalTrials.gov register. For each database, a specific research equation was formulated using the following key words and/or MeSH terms: metastatic colorectal cancer, metastasis, elderly, older, age ≥65, age ≥70, age ≥80, surgery, surgical resection, liver resection, metastasectomy, radiofrequency ablation, radioembolization, local ablation treatment, cryotherapy, microwave ablation, electroporation, regional treatment. In addition, manual searches in the references sections of eligible studies and relevant review articles were crosschecked to identify additional records. The literature search was limited to the time frame January 2000 --March 2019, and only English literature was considered.

Study selection {#sec010}
---------------

A parallel, double blind screening procedure of titles and abstracts was carried out by two reviewers (NdeA and EL). To enhance sensitivity, records were removed only if both reviewers excluded the record at the title/abstract level. The reviewers' consistency was assessed by the kappa test. Subsequently, both reviewers performed a full-text analysis of the articles and proceeded to the final selection phase. Any disagreement between the two reviewers was resolved by consensus with a third reviewer (CB).

Data extraction and quality assessment {#sec011}
--------------------------------------

The following variables were extracted from the selected articles and collected in an excel spreadsheet: authors, year of publication, journal, country, study time frame, study design, patient population, type of regional treatments, type of surgical procedure, intraoperative and postoperative outcomes, 90-day morbidity (overall postoperative complications; type and severity of postoperative complications according to Dindo-Clavien classification, including pulmonary complications, hepatic complications, and major complications) and 30-, 60- or 90-day mortality, survival (overall, disease-free, cancer-specific) at any reported time point (1, 2, 3, 5 years or more after the intervention).

The risk of bias was assessed using the Newcastle--Ottawa Scale (NOS) for case-control and cohort studies \[[@pone.0230914.ref035]\]. Both data extraction and the quality assessment of the study were performed by the two reviewers (NdeA and EL) independently and compared to reach a consensus (if necessary) with the third reviewer (CB).

Pooled data analyses {#sec012}
--------------------

Data from the included studies were used for a qualitative and quantitative synthesis according to the patients' age or the type of intervention. For binary outcomes, the risk ratio (RR) and 95% confidence intervals (CI) were estimated using the Mantel-Haenszel method. For continuous data, the mean differences and 95%CI were estimated using inverse variance weighting. Outcome measures were extracted as the mean (SD) or median (interquartile range) as provided. To calculate the mean values from the median, we applied the method described by Hozo et al. \[[@pone.0230914.ref036]\].

To compare OS and DFS between older and younger patient groups or between different types of interventions for mCRC, we calculated the hazard ratio (HR) and 95%CI as described by Tierney et al. \[[@pone.0230914.ref037]\]. Heterogeneity was assessed by the I^2^ statistic, and values of 25%, 50%, and 75% were considered low, moderate, and high heterogeneity, respectively \[[@pone.0230914.ref038], [@pone.0230914.ref039]\]. Random effect model was used as considered a more precise estimator when there is in between study heterogeneity in true effects. Whenever indicated, sensitivity analyses were performed to test degree of certainty of the results. A p\<0.05 identifies significant pooled effects. Meta-analyses were performed using the Cochrane Collaboration software, RevMan (Version 5.3).

Results {#sec013}
=======

Literature search and selection {#sec014}
-------------------------------

Results of the literature review in the considered databases and the step-by-step study selection are shown in [Fig 1](#pone.0230914.g001){ref-type="fig"}. Overall, the combined search on the different databases identified 266 articles. After removing duplicates and non-pertinent studies upon title and abstract, 146 articles underwent a full-text evaluation. Of these, 124 were excluded because they were not pertinent to the review question. Finally, 29 articles were selected and eligible for pooled data analyses (availability of outcome data). The two reviewers had an optimal interexaminer agreement in the selection process (kappa: 0.978).

![Flowchart of literature search and study selection process.](pone.0230914.g001){#pone.0230914.g001}

Study characteristics {#sec015}
---------------------

Studies were published predominantly after 2013 (62% of the studies), whereas no study was published before 2004 ([S1 Fig](#pone.0230914.s002){ref-type="supplementary-material"}). These studies were conducted in Europe (n = 15), North America (n = 7), Asia and the Pacific (n = 7). There was no RCT. All of the studies were retrospective, of which 7 were population-based cohort studies \[[@pone.0230914.ref025], [@pone.0230914.ref026], [@pone.0230914.ref040]--[@pone.0230914.ref044]\], 16 retrospective analyses of patient cohorts \[[@pone.0230914.ref045]--[@pone.0230914.ref060]\], 4 case-control studies \[[@pone.0230914.ref061]--[@pone.0230914.ref064]\], and 2 propensity score matched (PSM) case-control studies \[[@pone.0230914.ref065], [@pone.0230914.ref066]\]. Overall, 5 studies (17.8%) were multicentric \[[@pone.0230914.ref048], [@pone.0230914.ref049], [@pone.0230914.ref051], [@pone.0230914.ref059], [@pone.0230914.ref066]\]. The study time frames spanned from 1986 to 2017, with a mean of 9.64 years (range: 8 months-22 years).

Twenty-two studies compared the outcomes of local ablation therapies in older patients vs. younger patients. Of these, 19 studies reported the outcomes of surgical resection for CRC metastases ([Table 1](#pone.0230914.t001){ref-type="table"}). Specifically, 16 studies focused on liver resection for CRLM \[[@pone.0230914.ref040], [@pone.0230914.ref045], [@pone.0230914.ref047], [@pone.0230914.ref050]--[@pone.0230914.ref052], [@pone.0230914.ref054]--[@pone.0230914.ref057], [@pone.0230914.ref059]--[@pone.0230914.ref064]\], and 3 studies investigated the outcomes of multimodality treatments, including surgical resection for CRC metastases \[[@pone.0230914.ref025], [@pone.0230914.ref042], [@pone.0230914.ref044]\]. Only 3 studies reported the outcomes of non-surgical regional treatments (including radioembolization \[RE\], radiofrequency ablation \[RFA\], and high-dose-rate brachytherapy \[HDR-BT\]) for mCRC in older vs. younger patients ([Table 2](#pone.0230914.t002){ref-type="table"})\[[@pone.0230914.ref049], [@pone.0230914.ref053], [@pone.0230914.ref058]\]. The remaining 7 studies compared the outcomes of different types of regional interventions in older patients \[[@pone.0230914.ref026], [@pone.0230914.ref041], [@pone.0230914.ref043], [@pone.0230914.ref046], [@pone.0230914.ref048], [@pone.0230914.ref065], [@pone.0230914.ref066]\]([Table 3](#pone.0230914.t003){ref-type="table"}).

10.1371/journal.pone.0230914.t001

###### Summary of study characteristics and study outcomes of articles comparing different age groups of patients (older vs. younger patients) receiving surgery for metastatic colorectal cancer.

![](pone.0230914.t001){#pone.0230914.t001g}

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ref.                                   Study design and time frame                               Type of intervention                                                                                                                                                       Number of patients                                                 Metastasis characteristics                                                                                                                     Neoadjuvant chemotherapy                                                                                                       Morbidity rate                              Mortality rate                                            R0 resection                OS                                            DFS                                                                                              Predictors of morbidity and survival
  -------------------------------------- --------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------- --------------------------------------------------------- --------------------------- --------------------------------------------- ------------------------------------------------------------------------------------------------ -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Nagano et al. 2005**                 Retrospective cohort study\                               **Liver resection**                                                                                                                                                        212\                                                               **Single nodule:** 34/61 Older patients vs. 93/150 Younger\                                                                                    Neoadjuvant hepatic arterial infusion\                                                                                         Older: 19.7%\                               Older: 0%\                                                Older: 48.1%\               [1-, 3-, 5-year OS]{.ul}\                     [5-year DFS]{.ul}: Older: 50.7%\                                                                 • The rate **of non treatment for hepatic recurrence was higher in** Older **patients** than that in younger patients (29.2% versus 10.6%; p = 0.04)\
                                         1992--2004\                                                                                                                                                                                                                          Older (≥70 yo) = 62\                                               **Metachronous lesion**: 35/61 Older patients vs. 74/150 Younger (NSD)\                                                                        Older: 11.3% Younger: 16%\                                                                                                     Younger: 23.3%\                             Younger: 0.49%                                            Younger: 52.2%\             [Older:]{.ul} 79.4%, 46.5%,, 34.1%\           Younger : 46.5%\                                                                                 • **Advanced chronologic age cannot be regarded as a medical contraindication to hepatic resection for CRLM in patients ≥70 years.**
                                                                                                                                                                                                                                                                              Younger (\<70 yo) = 150                                            **Maximum tumor size**: 43.8 mm for Older vs. 35.8 mm for Younger (p = 0.071)\                                                                 (p = 0.377)\                                                                                                                   (p = 0.562)                                                                                           (NSD)                       Younger: 90.6%, 62.8%, 53.1%\                 (NSD)                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 (p = 0.01)                                                                                                                                     

  **Figueras et al. 2007**               Retrospective cohort study\                               **Liver resection**                                                                                                                                                        648\                                                               **Synchronous metastases**: 39% of Older vs. 49% of Younger (p = 0.036)\                                                                       Older: 20%\                                                                                                                    Older: 41%\                                 Older: 8%\                                                Older: 85%                  [1-, 3-, 5-year OS:]{.ul}\                    [1-, 3-, 5-year DFS:]{.ul}\                                                                      • Only **tumoral size \> 10 cm significantly increased the postoperative mortality risk in the Older group**.\
                                         1990--2006\                                                                                                                                                                                                                          Older (≥70 yo) = 160\                                              **Isolated CRLM**: 51% of Older vs. 42% of Younger (p = 0.03).\                                                                                Younger: 27%\                                                                                                                  Younger: 34%\                               Younger: 3%\                                                                          Older:\                                       Older: 68%, 34%, 30% for\                                                                        • **Only 50% of the Older patients received adjuvant chemotherapy** compared to 70% in the Younger group
                                                                                                                                                                                                                                                                              Younger (\<70 yo) = 488                                            **Size of the CRLM**: 4.2±2.6 cm for Older vs. 3.7±2.1 cm for Younger (p = 0.009).\                                                            (p = 0.06)\                                                                                                                    (p = 0.008)                                 (p = 0.008)\                                                                          82%, 48%, 36%\                                Younger: 68%, 32%, 25%\                                                                          
                                                                                                                                                                                                                                                                                                                                                 **Lesions larger than 10 cm:** 5% of Older vs. 1% of Younger                                                                                                                                                                                                                                                                                                                                                    Younger: 88%, 62%, 45%\                       (p = 0.71)\                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 (p = 0.0069)\                                                                                                                                  

  **Mazzoni et al. 2007**                Retrospective single center cohort study\                 **Liver resection**\                                                                                                                                                       197\                                                               **Mean lesion size** 2.8 cm in both groups.\                                                                                                   Not reported                                                                                                                   Older: 20.7%\                               Older: 5.7%\                                              Older: 83%\                 [Median OS]{.ul}\                             Not reported                                                                                     • The **number of Clinical Risk Score parameters and the microscopical involvement of the hepatic resectional margin were found to directly affect survival**\
                                         1987--2002                                                Including: wedge resection, segmentectomy, right and left lobectomy\                                                                                                       Older (≥70 yo) = 53\                                               LM were multiple in 103 cases and limited to one lobe in 151 patients. All patients but 84 were treated for hepatic metachronous metastases.                                                                                                                                  Younger: 14.6%\                             Younger: 2.1%\                                            Younger: 86.8%\             Older : 28 months\                                                                                                                             • **Age by itself may not be a contraindication to surgery.**
                                                                                                                                                                                                                                                                              Younger (\<70 yo) = 144                                                                                                                                                                                                                                                                                                                          (p = 0.18)                                  (p = 0.19)                                                (NSD)                       Younger: 31 months\                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 (p = 0.30)                                                                                                                                     

  **Mann et al. 2008**                   Retrospective cohort study\                               **Liver resection**\                                                                                                                                                       191\                                                               Not reported                                                                                                                                   Not reported                                                                                                                   Older: 30.6%\                               At 30 days :\                                             Not reported                [1-, 3-, 5-year OS:]{.ul}\                    [1-, 3-, 5-year DFS]{.ul}:\                                                                      • **Aggressive surgical policy towards CRLM in Older patients is associated with low peri-operative morbidity and mortality, as well as good long-term outcomes, thus justifying its use.**
                                         1999--2005\                                               Including anatomical resections, extended procedures and extra-anatomical resections performed with curative intent                                                        Older (≥70 yo) = 49\                                                                                                                                                                                                                                                                                                                             Younger: 19%\                               Older: 0%\                                                                            Older: 89%, 38%, 31%\                         Older: 76%, 35%, 29%,\                                                                           
                                                                                                                                                                                                                                                                              Younger (\<70 yo) = 142                                                                                                                                                                                                                                                                                                                                                                      Younger: 2%\                                                                          Younger: . 88%, 54%, 43%\                     Younger: 62%, 38%, 32%,                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           At 60 days:\                                                                          (NSD)\                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Older: 4%\                                                                                                                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Younger: 3%\                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           (NSD)                                                                                                                                                                                                                                

  **Adam et al. 2010**                   Retrospective multicenter cohort study\                   **Liver resection**\                                                                                                                                                       7764\                                                              **Synchronous CRLM:** 661 Older vs. 2924 Younger\                                                                                              Older: 33.9%\                                                                                                                  Older: 32.3%\                               [At 60 days:]{.ul}\                                       Not reported                [3-year OS]{.ul}:\                            [3-year DFS]{.ul}:\                                                                              • [Within the Older group]{.ul}, p**reoperative CT was a risk factor for postoperative morbidity**\
                                         1986--2008                                                Including major and minor hepatectomies\                                                                                                                                   Older (≥70 yo) = 1624\                                             **Metachronous CRLM**: 913 Older vs. 2821 Younger\                                                                                             Younger: 33.2%\                                                                                                                Younger: 28.7%\                             Older: 3.8%\                                                                          Older: 57.1%\                                 Older: 37%\                                                                                      • [Within the Older group]{.ul}: **\>3 CRLM at diagnosis (RR = 1.63 (95%CI: 1.13--2·36), bilateral CRLM (RR = 1.39 (1.04--1.87), and concomitant extrahepatic disease (RR = 1.56 (1.08--2.23) were predictors of mortality at 60 days**
                                                                                                                                                                                                                                                                              Younger (\<70 yo) = 6140                                           **Maximum diameter \> 50 mm**: 372 Older vs. 1302 Younger\                                                                                                                                                                                                                    (p\<0.001)\                                 Younger: 1.6%\                                                                        Younger: 60.2%\                               Younger: 31.9%\                                                                                  
                                                                                                                                                                                                                                                                                                                                                 **CRLM \>3**: 162 Older vs. 1206 Younger\                                                                                                                                                                                                                                     [After major hepatectomy]{.ul}:\            (p\<0.001)\                                                                           (p\< 0.001)\                                  (p = 0.051)\                                                                                     
                                                                                                                                                                                                                                                                                                                                                 **Bilateral CRLM**: 405 Older vs. 2224 Younger                                                                                                                                                                                                                                Older: 37.8%\                               [After major hepatectomy]{.ul}:\                                                                                                    [Recurrence rate:]{.ul}\                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Younger : 35.2%\                            Older: 5%\                                                                                                                          [Older:]{.ul} 28.1%\                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               (p = 0.19)\                                 YOunger : 2.2%\                                                                                                                     Younger: 35.6%\                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           (p\<0.001)\                                                                                                                         (p\>0.001)\                                                                                      

  **Di Benedetto et al. 2011**           Retrospective matched cohort study\                       **Liver resection**\                                                                                                                                                       64\                                                                **Synchronous CRLM:**\                                                                                                                         Administered for unresectable liver metastases\                                                                                Oder: 28.1%\                                [At 30 days]{.ul}:\                                       75% in both groups          [1-, 3-, and 5-year OS:]{.ul}\                [1-, 3-, and 5-year DFS:]{.ul}\                                                                  Not reported
                                         2002--2009                                                Associated surgery\                                                                                                                                                        Older (≥70 yo) = 32\                                               22 Older vs. 23 Younger                                                                                                                        Older: 62.5% Younger: 81.3%                                                                                                    Younger:\                                   0% in both groups\                                                                    Older:\                                       [Older:]{.ul} 67.9%, 29.2%, 19.5%\                                                               
                                                                                                   (major operations performed during the liver resection) for 15.6% Older vs.\                                                                                               Younger (\<70 yo) = 32                                                                                                                                                                                                                                                                                                                           34.4%\                                      [At 60 days]{.ul}:\                                                                   84.1%, 51.9%, 33.3%\                          Younger: 57.6%, 32.9%, 16.4%,\                                                                   
                                                                                                   28.1% for Younger (p = 0.05)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                (p\>0.99)                                   Older: 3%\                                                                            Younger: 93.6%, 63%, 28%,\                    (p = 0.72)\                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Younger: 0%\                                                                          (p = 0.50)                                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           (NSD)\                                                                                                                                                                                                                               

  **Cannon et al. 2011**                 Retrospective case-control study\                         **Liver resection**\                                                                                                                                                       279\                                                               **Number of CRLM:** 2.02 for Older vs. 2.61 for Yonger (p = 0.4)\                                                                              Overall 58% of patients\                                                                                                       Older: 52.5%\                               [At 90 days:]{.ul}\                                       Older: 81.4%\               [1-, 3-, 5-year OS:]{.ul}\                    [1-, 3-, 5-year DFS:]{.ul}\                                                                      • **Need of transfusion was independent predictors of postoperative morbidity** (OR for non transfused patients = 0.45 \[95%CI: 0.25--0.79\])\
                                         Not reported                                              Including synchronous resection of colon and liver; major hepatectomy (52% Older vs. 53% Younger; p = 0.9). Laparoscopy in 12.5% of Older vs. 19.8% of Younger (p = 0.3)   Older (≥70 yo) = 59\                                               **Mean size:** 4.39 cm for Older vs. 4.61 cm for Younger (p = 0.1)                                                                             (NSD between the groups)                                                                                                       Younger: 48.2%\                             [Older:]{.ul} 0%\                                         Younger: 88.6%\             Older: 91.2%, 47.6%, 20.9%\                   Older: 78.3%, 22.3%, 16.7% for\                                                                  • **Age was not associated with shortened OS and DFS**.\
                                                                                                                                                                                                                                                                              Younger (\<70 yo) = 220                                                                                                                                                                                                                                                                                                                          (p = 0.5)\                                  Younger:. 4.1%\                                           (p = 0.14)                  Younger: 92.3%, 59.6%, 35.1%\                 Younger : 74.4%, 37.9%, 18.9%\                                                                   • **Fong score and BMI \<20 were independent predictors of OS**\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           (p = 0.2)\                                                                            (p = 0.07)                                    (p = 0.15)                                                                                       • **Fong score was predictor of DFS**

  **Kulik et al. 2011**                  Retrospective cohort study\                               **Liver resection**\                                                                                                                                                       939\                                                               **Synchronous CRLM:** 334 patients\                                                                                                            Overall: 53.2%                                                                                                                 Older: 12.4%\                               Older: 0.54%\                                             Older: 96.7%\               [5-year OS:]{.ul}\                            Not reported                                                                                     • For the whole sample, **metastases diameter \>50 mm, rising number of transfusions (\>6) needed during surgery, duration of surgical procedure \>210 min, and age ≥70 years were predictors of poorer OS.**\
                                         1994--2008\                                               Including 51.8% minor and 48.2% major resections                                                                                                                           Older (≥70 yo) = 190\                                              **Unilobar CRLM:** 654 patients\                                                                                                                                                                                                                                              Younger.. 15.3%\                            Younger: 1.26%\                                           Younger: 96.6%\             Older: 31.2%\                                                                                                                                  • For **Older patients, the rising number of transfusions (\>6) needed during surgery was an independent predictor of OS** (HR: 3.64 (95%CI: 1.31--10.11)
                                                                                                                                                                                                                                                                              Younger (40--69 y.o.) = 719\                                       **One CRLM:** 491 patients\                                                                                                                                                                                                                                                   (p = 0.24)                                  (NSD)\                                                    (p = 0.663)                 Younger: 37.5%\                                                                                                                                
                                                                                                                                                                                                                                                                              Young (\<40) = 29                                                  **Mean size:** 56.78 mm (range: 3--315 mm; SD: 39.0)                                                                                                                                                                                                                                                                                                                                                            Young: 21.6%                                                                                                                                   

  **Cook et al. 2012**                   Retrospective cohort study\                               **Liver resection**\                                                                                                                                                       1279\                                                              **Synchronous metastases:** 37.1% for Older vs. 39.6% for Younger\                                                                             Older: 43%\                                                                                                                    Older : 32.5%\                              Older: 7.3%\                                              Not reported                [Median OS:]{.ul}\                            Not reported                                                                                     • **Not reported**
                                         1989--2009\                                               All elective open hepatic resections                                                                                                                                       Older (≥75 yo) = 151\                                              **Unilateral CRLM:** 76.2% for Older vs. 72.4% for Younger\                                                                                    Younger: 55.7%\                                                                                                                Younger : 21.2%\                            Younger: 1.3%\                                                                        Older : 44.1 (range 38.4--56.8) months\                                                                                                        
                                                                                                                                                                                                                                                                              Younger (\<75 yo) = 1292                                           **≥ liver metastases:** 54.3% for Older vs. 69.8% for Younger                                                                                  (p = 0.003)                                                                                                                    (p = 0.02)\                                 (p = 0.001)                                                                           Younger : 43.6 (range 40.2--47.0) months\                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 (p = 0.697)\                                                                                                                                   

  **Kumar et al. 2013**                  Population-based retrospective cohort study\              **Multi treatments**\                                                                                                                                                      2314\                                                              **Synchronous CRLM**: 62.3% of Older vs. 65.3% of Younger\                                                                                     [CT:]{.ul} 28.1% of Older vs. 68.2% of Younger\                                                                                Not reported                                Not reported                                              Not reported                Older: 8.2 months\                            Not reported                                                                                     • **Older (≥80 yo) were less likely to receive intervention for their mCRC and had poorer survival.**\
                                         2006--2012                                                Surgery (1211), hepatic metastatectomy (292), lung metastatectomy (56), CT (1291). Liver-only metastases were reported in 35.7% Older vs. 39.7% Younger                    Older (≥80 yo) = 676\                                              **\>2 sites of metastatic disease:** 8% of Older vs. 9.2% of Younger (NSD)                                                                     [Targeted therapies]{.ul} with monoclonal antibodies: 2.4% of Older and 16% of Younger                                                                                                                                                                           Younger: 19.2 months\                                                                                                                          • The survival of selected Older patients who received CT was similar to the survival of those younger despite the receipt of single-agent therapy.
                                                                                                                                                                                                                                                                              Younger (\<80 y.o.) = 1638                                                                                                                                                                                                                                                                                                                                                                                                                                                         (p\<0.0001)\                                                                                                                                   

  **Doat et al. 2014**                   Retrospective population-based national cohort study\     Multi treatments\                                                                                                                                                          31665\                                                             **Metastatic site**: most frequently the liver (68% in the Younger group vs. 72% in the Older group), followed by the peritoneum\              Older: \< 50% received palliative CT, Younger: 85%\                                                                            Not reported                                Not reported                                              Not reported                [OS of patients with metastatic CRC]{.ul}:\   Not reported                                                                                     • **Age \<85 years, isolated metastasis, no bowel obstruction and Charlson Comorbidity Index ≤2, CT, liver surgery, and primary tumor resection were significant predictors of improved OS**
                                         April-December 2009                                       **Surgery of the primary tumour and metastases** was significantly less frequent among Olders\                                                                             Older (≥75 yo) = 13255, of which metastatic CRC: 3588 (19.5%)\     (33%), lung (21%), bones (5%) and brain (1%)\                                                                                                                                                                                                                                                                                                                                                                   Older:\                                                                                                                                        
                                                                                                                                                                                                                                                                              Younger (\<75 yo) = 18410, of which metastatic CRC: 2724 (20.5%)   **Synchronous metastasis:** 2724 patients in the Older vs. 3588 in Younger                                                                                                                                                                                                                                                                                                                                      8.4 months (95%CI: 7.6--9.4)\                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 Younger: 22.3 months (95%CI: 21--24.9)                                                                                                         

  **Booth et al. 2015**                  Population-based retrospective cohort study\              **Liver resection**\                                                                                                                                                       1310\                                                              Not reported                                                                                                                                   Older: 14%\                                                                                                                    Not reported                                [At 30 days:]{.ul}\                                       Not reported                [5-year OS:]{.ul}\                            Not reported                                                                                     • **Increasing age and major hepatectomy were independent predictors of mortality at 30 days**\
                                         2002--2009                                                Including major (34%) and minor (64%) hepatectomies                                                                                                                        Older (≥75 yo) = 186\                                                                                                                                                                                             Younger: 15%\                                                                                                                                                              Older: 5%\                                                                            [Older:]{.ul}\                                                                                                                                 • Resection of CRLM is associated with greater risk of postoperative mortality among Older patients despite less aggressive treatment.
                                                                                                                                                                                                                                                                              Younger (65--74 yo) = 414\                                                                                                                                                                                        Young: 16%\                                                                                                                                                                Younger: 3%\                                                                          28%\                                                                                                                                           
                                                                                                                                                                                                                                                                              Young (\<65) = 710                                                                                                                                                                                                Peri-operative CT was less common in Older patients: 41% of Older vs. 57% of Young er, vs. 71% of young patients (p\<0.001).                                               Young: 1%\                                                                            Younger: 44%\                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           (p = 0.005)\                                                                          Young: 49% (p\<0.001).\                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           [At 90 days]{.ul}:\                                                                   [10-year OS]{.ul}:\                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Older: 8%\                                                                            Older: 12%\                                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Younger: 5%\                                                                          Younger: 23%\                                                                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Young: 2% (p\<0.001)                                                                  Young: 35% (p\<0.001)                                                                                                                          

  **Nomi et al. 2015**                   Retrospective single center matched case control study\   **Liver resection**\                                                                                                                                                       93\                                                                **CRLM size ≥ 5 cm:** 32.3% of Older vs. 29% of Younger\                                                                                       Older: 58.1%\                                                                                                                  Older: 41.9%\                               [At 90 days]{.ul}: 0% for both groups                     Older: 83.9%\               [3-year OS]{.ul}: Older: 57.9%\               [3-year DFS]{.ul}:\                                                                              • Laparoscopic major hepatectomy for CRLM could be safely performed in Older patients\
                                         1998--2013\                                               All resections were performed with curative intent                                                                                                                         Older (≥70 yo) = 31\                                               **Median number of lesions**: 2 (range: 1--8) for Older vs. 2 (1--6) for Younger\                                                              Younger: 75.8%\                                                                                                                Younger: 54.8% (p = 0.276)\                                                                           Younger: . 95.2%\           Younger: 61.7%\                               Older: 38.5%\                                                                                    • **Advanced age itself should not be regarded as contraindication for liver surgery**
                                                                                                                                                                                                                                                                              Younger (\<70 yo) = 62                                             (NSD)                                                                                                                                          (p = 0.09)\                                                                                                                                                                                                                          (p = 0.116)                 (p = 0.842)\                                  Younger: 35.3%\                                                                                  
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               (p = 0.676)\                                                                                     

  **Parakh et al. 2015**                 Population-based retrospective cohort study\              Multi treatments:\                                                                                                                                                         821\                                                               **Metastatic site:** liver (62%), lung (32%), bone (3%), brain (1.5%)\                                                                         Overall 23% of patients, with differences between age groups (only 34% of very old received neoadjuvant CT)\                   Not reported                                Not reported                                              Not reported                [Median OS:]{.ul}\                            Not reported                                                                                     • Longer median survival was observed for patients who received CT across each of the age groups, though not reaching statistical significance in those ≥85 years (p = 0.061)\
                                         2009--2014                                                **Surgical resection of metastatic disease occurred in 21% of patients,** declining with advancing\                                                                        Very old (≥85 yo) = 106\                                           **Synchronous metastatic disease:** 58% patients\                                                                                                                                                                                                                                                                                                                                                               Very old: 11 months\                                                                                                                           • \>**Older patients (aged 75--84) (HR: 1.33, 95%CI: 1.09--1.63) and very old (aged ≥ 85 years) (HR: 2.39, 95%CI: 1.80--3.16) had a poorer OS** than Younger patients (aged 65--74 years)
                                                                                                   age (26% in Younger vs. 21% in Older vs. 6% in very old, p\<0.001)                                                                                                         Older (75--84 yo) = 352\                                           No age-related differences\                                                                                                                                                                                                                                                                                                                                                                                     Older: 20 months\                                                                                                                              
                                                                                                                                                                                                                                                                              Younger (65--74) = 363                                                                                                                                                                                                                                                                                                                                                                                                                                                             Younger: 26 months (p\<0.001)\                                                                                                                 

  **Nachmany et al. 2016**               Retrospective cohort study\                               **Liver resection**\                                                                                                                                                       174\                                                               **Number of metastasis:** 1.7 (SD: 1.38) for Older vs. 2.96 (SD: 2.86) for Younger (p = 0.003)\                                                Older: 55.5% Younger: 76.6% (p = 0.13)                                                                                         Older : 11.1% Younger: 2.5% r (p\<0.0001)   [At 60 days]{.ul}:\                                       Older: 90%\                 [3-year OS]{.ul}: NSD\                        [3-year OS]{.ul}: NSD                                                                            Not reported
                                         2010--2015                                                25% by laparoscopy (22.5% in the Older vs. 27.7% in the Younger, p = 0.49). Major liver resection: 20.3% in Older vs. 34.1% in Younger (NSD)                               Older (≥70 yo) = 54\                                               **Maximal lesion size:** 37 mm (SD: 25.9) for Older vs. 32.9 mm (SD: 26.3) for Younger (p = 0.18)\                                                                                                                                                                                                                        Older: 1.8%                                               Younger: 86% (p = 0.14)                                                                                                                                                    
                                                                                                                                                                                                                                                                              Younger (\<70 y.o.) = 120                                          **Bilobar disease:** 16.6% for Older vs. 33.3% for Younger (p = 0.07)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

  **Nardo et al. 2016**                  Retrospective multicenter cohort study\                   **Liver resection**\                                                                                                                                                       149\                                                               **Unilobar liver metastases:** 16.7% in the very old group vs. 21.1% in the\                                                                   Very old: 14.3%\                                                                                                               Very old: 24.1%\                            [At 30 days:]{.ul}\                                       Very old: 90.5%\            [1-, 3- and 5-year OS:]{.ul}\                 [1-, 3- and 5-year DFS:]{.ul}\                                                                   • **Advanced chronological age cannot be considered a medical or surgical contraindication to hepatic resection for CRLM**
                                         2008--2015\                                                                                                                                                                                                                          Very old (≥75 yo) = 21\                                            Older vs. 28.6% in the Younger **Mean lesion size:** 4.6 cm for very old vs. 4.5 cm for Older vs. 4.1 cm for Younger (NSD)\                    Older: 16.5%\                                                                                                                  Older:. 24%\                                Very old: 4.8%\                                           Older: 90.1%\               [Very old:]{.ul} 85.7%, 38.9%, 28.6%\         [Very old:]{.ul} 76.2%, 31.3%, 20% Older: 75.9%, 35%, 28.6% Younger: 77.1%, 37.6%, 36.4% (NSD)   
                                                                                                                                                                                                                                                                              Older (65--74 yo) = 79\                                                                                                                                                                                           Younger: 16.3% (p = 0.97)                                                                                                      Younger: 22.4%\                             Older: 2.5% Younger: 0% (p = 0.8)\                        Younger: 93.9% (p = 0.83)   Older: 89.9%, 38%, 33.3%\                                                                                                                      
                                                                                                                                                                                                                                                                              Younger (\<65) = 49                                                                                                                                                                                                                                                                                                                              (p = 0.86)\                                 [At 60 days]{.ul}: Very Old: 4.8%\                                                    Younger: 87.6%, 53.5%, 43.5% (NSD)                                                                                                             
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Older:\                                                                                                                                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           3.8% Younger: . 2% (p = 0.8)                                                                                                                                                                                                         

  **Gandy et al. 2018**                  Retrospective cohort study\                               **Liver resection**\                                                                                                                                                       187\                                                               Not reported                                                                                                                                   Older: 52%\                                                                                                                    Older: 13.8%\                               1 patients per group (NSD)\                               Not reported                [1-, 3-, 5-year OS:]{.ul}\                    Not reported                                                                                     Not reported
                                         2007--2014                                                The majority of patients in both groups (64% and 62%) underwent major liver resections (\>3 segments)                                                                      Older (≥75 yo) = 29\                                                                                                                                                                                              Younger: 69% (p = 0.71)\                                                                                                       Younger: 16.5% (p = 0.65)\                                                                                                        [Older:]{.ul} 92.3%, 67.3%, 57.7%\                                                                                                             
                                                                                                                                                                                                                                                                              Younger (\<75 y.o.) = 158                                                                                                                                                                                                                                                                                                                                                                                                                                                          Younger: 95.1%, 72.9%, 55.6% (p = 0.6)                                                                                                         

  **Yue et al. 2018**                    Retrospective single center cohort study\                 **Liver resection**\                                                                                                                                                       241\                                                               **Largest lesion size:** 2 cm (1--4) for Older vs. 3 cm (1--5) for Younger (p = 0.128)\                                                        Older: 88.4%\                                                                                                                  [At 90 days:]{.ul}\                         [At 90 days]{.ul}: 1 patient per group (overall: 0.8%)\   100% for both groups        [5-year OS:]{.ul}\                            [5-year DFS:]{.ul} Older: 45% Younger: 49% (p = 0.09)\                                           • **TNM stage, disease-free interval, and number of metastases were independent predictors of OS**\
                                         2009--2016                                                All laparoscopic hepatectomiesincluding left lateral sectionectomy, sectionectomy, wedge resections                                                                        Older (≥70 yo) = 78\                                               **Number of lesions**: 2 (1--3) for Older vs. 2 (1--4) for Younger (p = 0.20)\                                                                 Younger: 72.3%\                                                                                                                Older: 26.9%\                                                                                                                     [Older:]{.ul} 52%\                                                                                                                             • **Disease-free interval and preoperative carcinoembryonic antigen levels were independent predictors of DFS**\
                                                                                                                                                                                                                                                                              Younger 60--69 y.o.) = 163                                                                                                                                                                                        (p = 0.005)                                                                                                                    Younger: 23.3%\                                                                                                                   Younger: 59%, (p = 0.139)\                                                                                                                     • **Age did not independently predict OS or DFS**
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               (p = 0.5)                                                                                                                                                                                                                                                                        

  **Zarzavadjian Le Bian et al. 2019**   Retrospective cohort study\                               **Liver resection**\                                                                                                                                                       335\                                                               **Synchronous liver metastases**: 154 patients\                                                                                                Overall, 47.5% of patients                                                                                                     Very old: 9.6%\                             [At 90 days]{.ul}: 0%\                                    Not reported                Not reported                                  Not reported                                                                                     Not reported
                                         2008--2017                                                All laparoscopic procedures\                                                                                                                                               Very old (\>75 yo) = 52\                                           **Bilobar metastasis**: 107 patients\                                                                                                                                                                                                                                         Older: . 7.4%\                                                                                                                                                                                                                                                                   
                                                                                                   Local radiotherapy was performed in 34% of rectal cancers                                                                                                                  Older (65--75 yo) = 136\                                           **More than 5 CRLM:** 19 patient\                                                                                                                                                                                                                                             Younger: 12.4%\                                                                                                                                                                                                                                                                  
                                                                                                                                                                                                                                                                              Younger (55--65 yo) = 113\                                                                                                                                                                                                                                                                                                                       Young: 17.6% (p = 0.287)                                                                                                                                                                                                                                                         
                                                                                                                                                                                                                                                                              Young (\< 55 yo) = 34\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NSD stands for non significantly different.

10.1371/journal.pone.0230914.t002

###### Summary of study characteristics and study outcomes of the articles comparing different age groups of patients (older vs. younger) receiving non-surgical local ablation treatments (including radioembolisation, radiofrequency ablation, and high-dose-rate brachytherapy) for metastatic colorectal cancer.
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  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ref.                            Study design\                               Study population                                                                                         Type of intervention                                                                                          N                           Response to treatment (RECIST)                    Morbidity                                              Mortality\                         Overall Survival                                                                                           Predictors of morbidity and survival
                                  and time frame                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  ------------------------------- ------------------------------------------- -------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------- --------------------------- ------------------------------------------------- ------------------------------------------------------ ---------------------------------- ---------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Tohme et al. 2014**           Retrospective\                              Consecutive mCRC patients non candidates for surgery and treated with radioembolisation\                 **Radioembolization**\                                                                                        107\                        1.1 up to 6 months after RE                       RE was equally well tolerated in both groups.          [At 90 days:]{.ul}\                Median survival: Older: 8.2 months (95%CI: 5.9--10.5) Younger: 8.4 months (95%CI: 6.2--10.6) (p = 0.351)   • For the entire cohort, **extrahepatic disease at the time of treatment was the only independent predictor of worse OS,** but not confirmed in the multivariate analysis.\
                                  cohort study\                               after multiples CT regimens or refusing standard CT                                                      with yttrium-90 (90Y)-labeled resin microspheres (90Y radioembolization \[90Y-RE\])\                          Older (≥70 yo) = 44\                                                                                                                 Older: 13.6%\                                                                                                                                 • **Age alone should not be a discriminating factor for the use of 90Y-RE** in the management of mCRC patients.
                                  2002--2012\                                                                                                                                          Lobar approach                                                                                                Younger (\<70 y.o.) = 64                                                                                                             Younger: 12.5%\                                                                                                                               

  **Kennedy et al. 2015**         Retrospective multicenter cohort study\     Consecutive patients receiving radioembolization for advanced liver-dominant mCRC who were not\          **Radioembolization**\                                                                                        606\                        1.0 and 1.1 at 3 months after radioembolisation   CTCAE Grade 1--2:\                                     [At 30 days:]{.ul} Older: 1.9%\    [Median OS:]{.ul}\                                                                                         • **Age was not a factor in determining the treatment approach for 90Y-RE, but Older patients were less likely to receive more than 1 90Y-RE procedure (p = 0.007), and a lower volume of liver was treated (p\<0.001)**
                                  2002--2011                                  suitable for surgery, ablation, or\                                                                      with yttrium-90 (90Y)-labeled resin microspheres (90Y radioembolization \[90Y-RE\])\                          Older (≥70 yo) = 160\                                                         Older: 48.1% Younger: 48.6%\                           Younger: 2.0%\                     Older: 9.3 months (95%CI: 8--12.1)\                                                                        
                                                                              systemic therapy or declined consent                                                                     Lobar approach for 43% of patients                                                                            Younger (\<70 y.o.) = 446                                                     CTCAE Grade \> = 3: Older: 16.9% for Younger: 18.8%\   (p = 1)\                           Younger: 9.7 months (95%CI: 9--11.4)\                                                                      
                                                                                                                                                                                                                                                                                                                                                                                   (p = 0.433)                                            [At day 60]{.ul}:\                 (p = 0.335)                                                                                                
                                                                                                                                                                                                                                                                                                                                                                                                                                          Older: 6.3% Younger: 6.1%\                                                                                                                    
                                                                                                                                                                                                                                                                                                                                                                                                                                          (p = 1)\                                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                          [At 90 days:]{.ul} Older: 18.1%\                                                                                                              
                                                                                                                                                                                                                                                                                                                                                                                                                                          Younger: 12.6% (p = 0.086)                                                                                                                    

  **Seidensticker et al. 2018**   Retrospective single center cohort study\   mCRC patients receiving at least one RFA, Y90-RE, or HDR-BT after failure of CT and surgical treatment   **Radiofrequency ablation (RFA), high-dose-rate brachytherapy (HDR-BT), or Y90-radioembolization (Y90-RE)**   266\                        Not reported                                      Not reported                                           Not reported                       [Median OS:]{.ul}\                                                                                         **The type of local ablation treatment had no impact on OS in older patients**
                                  2006--2010                                                                                                                                                                                                                                                         RFA = 60\                                                                                                                                                               Older: 16.6 months\                                                                                        
                                                                                                                                                                                                                                                                                                     HDR-BT = 192\                                                                                                                                                           Younger: 13.2 months (p = 0.19)\                                                                           
                                                                                                                                                                                                                                                                                                     Y90-RE = 96\                                                                                                                                                            *By treatment option*:\                                                                                    
                                                                                                                                                                                                                                                                                                     Older (≥70 yo) = 89\                                                                                                                                                    [For RFA:]{.ul}\                                                                                           
                                                                                                                                                                                                                                                                                                     Younger (\<70 y.o.) = 177                                                                                                                                               Older: 26.7 months Younger: 24.3 (p = 0.76)\                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                             [For HDR-BT:]{.ul}\                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Older: 19.1 months Younger: 18.2 months (p = 0.83)\                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                             [For Y90-RE:]{.ul}\                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Older: 6.9 months\                                                                                         
                                                                                                                                                                                                                                                                                                                                                                                                                                                                             Younger: 6.5 months (p = 0.86)                                                                             
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CTCAE: Common Terminology Criteria for Adverse Events (version 3)

10.1371/journal.pone.0230914.t003

###### Summary of study characteristics and study outcomes of the articles comparing different types of intervention for metastatic colorectal cancer in older patients.
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  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ref.                               Study design\                                            Types of intervention                                                N                                                                              Age\                                                         Metastasis characteristics                                  Morbidity                                     Mortality\     R0 resection      Overall Survival\                                                                                Disease-Free Survival (DFS)      Predictors of morbidity and survival
                                     and time frame                                                                                                                                                                                               Mean (SD) or Median (range)                                                                                                                                                                             (OS)                                                                                                                              
  ---------------------------------- -------------------------------------------------------- -------------------------------------------------------------------- ------------------------------------------------------------------------------ ------------------------------------------------------------ ----------------------------------------------------------- --------------------------------------------- -------------- ----------------- ------------------------------------------------------------------------------------------------ -------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Zacharias et al. 2004**          Retrospective cohort study\                              **First hepatectomy (FH) vs. Repeated hepatectomy (RH)**             61\                                                                            73 (70--81)\                                                 **Synchronous metastasis**: 36% in FH vs. 0% in RH\         FH group: 36 complications in 22 patients.\   FH: 0%\        FH: 53 patients   1,3,5 years OS:\                                                                                 [1,2,3, 5 years DFS:]{.ul}\      • CEA level \> 200 ng/mL\
                                     1990--2000\                                                                                                                   56 FH vs. 14 RH                                                                                                                             **Mean lesion number**:\                                    For RH group: 7 complications in 4 patients   RH: 7%\                          [FH]{.ul}: 86%, 44%, 21%\                                                                        [FH:]{.ul} 45%, 23%, 19%\        and ≥3 liver metastases were independent risk factors for poor OS.\
                                                                                                                                                                                                                                                                                                               2 in FH vs. 2 in RH\                                                                                                                       [RH]{.ul}: 61%, 25%\                                                                             [Median DFS:]{.ul} 12 months.\   • Presence of extrahepatic disease, ≥3 liver metastases, and CEA level \> 200 ng/mL were independent risk factors for recurrence and poor DFS
                                                                                                                                                                                                                                                                                                               **Unilobar metastasis**:\                                                                                                                  No survivor at 5 years                                                                                                            
                                                                                                                                                                                                                                                                                                               71% in FH vs. 79% in RH\                                                                                                                                                                                                                                                     
                                                                                                                                                                                                                                                                                                               **Mean lesion diameter**:\                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                               6 cm in FH vs. 7 cm in RH                                                                                                                                                                                                                                                    

  **Cummings et al. 2007**           Population-based retrospective cohort study\             **Hepatic resection (HR) vs. no hepatic resection (No HR)**          13599\                                                                         [For HR:]{.ul}\                                              **Local metastasis (LM)**: 5926 patients\                   HR: 384 complications in 263 patients,        HR: 4.3%\      Not reported      [5-year OS:]{.ul}\                                                                               Not reported                     • **HR was associated with improved survival** in the LM and DM groups: not undergoing HR was associated with a 1.9-fold increase in the risk of death\
                                     1991--2001\                                                                                                                   833 HR vs. 12766 No HR\                                                        71.6 (5.1) years for LM and 73.8 years (6.4) for DM group\   **Distant metastasis (DM):** 7673 patients                                                                                                 HR: 32.8%\                                                                                                                        • **Age was associated with an increased risk of death**. Each increase in age by 1 year increased the risk of death by 3%.
                                                                                                                                                                                                                                                  [For No HR:]{.ul}\                                                                                                                                                                                      No HR: 10.5% (p\<0.0001)\                                                                                                         
                                                                                                                                                                                                                                                  75.6 (6.8) years for LM and 75.8 (6.8) years for DM group                                                                                                                                                                                                                                                                                 

  **Khan et al. 2014**               Population-based retrospective cohort study\             **Hepatic resection (HR) vs. no hepatic resection (No HR)**          41137\                                                                         [For HR:]{.ul}\                                              Not reported                                                Not reported                                  Not reported   Not reported      [3-year OS]{.ul}:\                                                                               Not reported                     • **OS was highly dependent on age**\
                                     2004--2012\                                                                                                                   36109 HR (20617 aged ≥65 y.o.) vs. 5028 No HR (2257 aged ≥65 y.o.)             67 (57--78) years\                                                                                                                                                                                      HR:: 33.9%, No HR: 16.8%                                                                                                          • **OS was significantly better in patients who underwent HR**\
                                                                                                                                                                                                                                                  [For No HR:]{.ul}\                                                                                                                                                                                                                                                                                                                        • **Favorable association between HR and OS up to 85 years old**
                                                                                                                                                                                                                                                  63 (53--73) years\                                                                                                                                                                                                                                                                                                                        

  **Grande et al. 2016**             Retrospective multicenter cohort study\                  **CT vs. others treatments (including palliative care but No CT)**   751\                                                                           79 (75--93)\                                                 **Synchronous metastasis**: 58.5%\                          Not reported                                  Not reported   Not reported      [Median OS:]{.ul} 17 months (CI95%: 15--19)\                                                     Not reported                     • **Sex (female), age (\<80y), performance status (ECOG-PS: 0--1), chemotherapy, surgery of metastasis, surgery of primary tumor and site of metastasis (liver) were prognostic factors for OS.**\
                                     2000--2013\                                                                                                                   Patients receiving CT (alone or combined with surgery or radiotherapy) = 57\                                                                **Liver metastases only**: 41.1%\                                                                                                          [For No CT group]{.ul}: 5 months (4--6)\                                                                                          
                                                                                                                                                                   Patients receiving surgery (3%) or palliative cares (21%) = 173                                                                             **Lung metastasis only:** 10.3%\                                                                                                           [For CT group]{.ul}: 20 months (18--22)\                                                                                          
                                                                                                                                                                                                                                                                                                               **Multi-organ metastases**: 34.4%\                                                                                                         [For patients with only metastasis resection (n = 19):]{.ul} 22 months\                                                           
                                                                                                                                                                                                                                                                                                               **Other site**: 1.2%                                                                                                                       [For patients ≥80 y.o.:]{.ul} OS was 17.6% for No CT group, and 34.8% for CT group (P\>0.0001)                                    

  **Massarweh et al. 2016**          Population-based retrospective cohort study\             **Primary tumor resection (PTR) vs. MMT vs. CT**                     103100\                                                                        PTR: 71.1 ± 13.0 years\                                      Not reported                                                Not reported                                  Not reported   Not reported      Not reported                                                                                     Not reported                     • **Survival estimates decreased with increasing patient age,** but the pattern of survival across treatment strategies was similar.\
                                     1998--2009\                                                                                                                   PTR alone = 29841\                                                             MMT: 61.2 ± 12.8 years\                                                                                                                                                                                                                                                                                                                   • After adjusting for relevant covariates, **risk of death was significantly higher for all treatment strategies compared with MMT (**no treatment: hazard ratio \[HR\] 1.74 \[1.60--1.88\]; CT: HR 1.86 \[1.77--1.95\]; PTR alone: HR 1.21 \[1.16--1.26\]).\
                                                                                                                                                                   MMT = 44247\                                                                   CT: 62.5 ± 13.1 years\                                                                                                                                                                                                                                                                                                                    **Among those aged 65--74 years (HR 0.76 \[0.70--0.83\]) and ≥75 years (HR 0.76 \[0.71--0.82\]), MMT was associated with a significantly lower risk of death compared to PTR alone**
                                                                                                                                                                   CT alone = 13979\                                                              No treatment: 72.4 ± 12.8                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                   No treatment = 15033                                                                                                                                                                                                                                                                                                                                                                                                     

  **Zeng et al. 2016**               Retrospective case control study with PSM\               **Laparoscopic hepatectomy (LH) vs. Open hepatectom (OH)**           385\                                                                           LH:\                                                         **Mean size**: 2.9 cm for LH vs. 3.3 cm for OH\             LH : 17.7%\                                   0%             Not reported      [5-year OS]{.ul}:\                                                                               [5-year DFS]{.ul}:\              • The **disease-free interval was a significant predictor of OS.**\
                                     2008--2016\                                                                                                                   After PSM:\                                                                    69 (65--75) years\                                           **Right lesions**: 31 LH vs. 36 OH\                         OH : 24%\                                                                      51% (p = 0.276)                                                                                  42% (p = 0.49)                   • **The operative approach was not a predictor** of 5-year OS and 5-year DFS.
                                                                                                                                                                   LH = 79\                                                                       OH:\                                                         **Left lesions:** 48 Lh vs. 43 OH                           (p = 0.328)                                                                                                                                                                                                      
                                                                                                                                                                   OH = 79                                                                        68 (65--76) years                                                                                                                                                                                                                                                                                                                         

  **Martinez Cecilia et al. 2017**   Retrospective multicenter case control study with PSM\   **Laparoscopic hepatectomy (LH) vs. Open hepatectom (OH)**           775\                                                                           LH;\                                                         **Unilobar liver metastasis**: 80% LH vs. 82% OH\           LH : 22%\                                     Not reported   Not reported      [1-, 3-, 5-year OS:]{.ul}\                                                                       [1-, 3-, 5-year DFS]{.ul}:\      • **70--74 y.o. subgroup:** overall morbidity was significantly lower in LH compared with OH (17% vs 41%, P\<0,001). OS was 52 (95% CI 36--67) months in the LH and 43 (95% CI 21--65) months in the OH (p = 0.425)\
                                     2005--2012\                                                                                                                   After PSM:\                                                                    75 (70--87) years\                                           **Median largest lesion**: 30 mm for LH vs. 30 mm for OH\   OH : 39%\                                                                      LH: 93%, 68%, 43%\                                                                               LH: 71%, 43%,\                   • **75--79 y.o. subgroup:** overall morbidity was significantly lower in LH compared with OH (23% vs 47%, p\<0,006). NSD for survival rates.\
                                                                                                                                                                   LH = 225\                                                                      OH:\                                                                                                                     (p\<0.001)\                                                                    OH: 89%, 60%, 46%                                                                                31%\                             • **Over 80 y.o. subgroup**: NSD for survival and postop morbidity between LH and OH
                                                                                                                                                                   OH = 225\                                                                      75 (70--86)\                                                                                                                                                                                                                                                                                             OH: 75%, 46%, 29%\               
                                                                                                                                                                                                                                                  years                                                                                                                                                                                                                                                                                                                                     
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

COPD = chronic obstructive pulmonary disease; CRLM = colorectal liver metastasis; CT = chemotherapy; MMT = multimodality treatments; NR = not reported; NSD = not significant difference; PSM = propensity score matching; SEER = Surveillance, Epidemiology and End Results database

Definition of older patients {#sec016}
----------------------------

The definition of older patients largely varied among the studies. The majority of the studies (55.1%) used an age cut-off of ≥70 years \[[@pone.0230914.ref046], [@pone.0230914.ref047], [@pone.0230914.ref049], [@pone.0230914.ref050], [@pone.0230914.ref052]--[@pone.0230914.ref059], [@pone.0230914.ref062]--[@pone.0230914.ref064], [@pone.0230914.ref066]\] to define older people. Two studies defined older patients aged ≥65 years\[[@pone.0230914.ref041], [@pone.0230914.ref065]\] and 6 patients aged ≥75 years \[[@pone.0230914.ref025], [@pone.0230914.ref026], [@pone.0230914.ref040], [@pone.0230914.ref043], [@pone.0230914.ref045], [@pone.0230914.ref048], [@pone.0230914.ref051], [@pone.0230914.ref060], [@pone.0230914.ref061]\]. One study defined older patients as those aged ≥80 years\[[@pone.0230914.ref042]\] or ≥85 years \[[@pone.0230914.ref044]\] and compared them to younger patients. Few studies compared more than 2 age groups, with a category of very old patients, whose age cut-off varied from 75 to 85 years old \[[@pone.0230914.ref044], [@pone.0230914.ref051], [@pone.0230914.ref061]\]. For the sake of clarity, the terminology has been unified as older vs. younger patients in the present systematic review, although in each study different terms were used (e.g., old, older, elderly, non-elderly, young, younger patients).

Scores of general status or comorbidity were reported in only 48.2% of the studies. Eight studies used the Charlson Comorbidity Index (CCI)\[[@pone.0230914.ref025], [@pone.0230914.ref040], [@pone.0230914.ref041], [@pone.0230914.ref043], [@pone.0230914.ref052], [@pone.0230914.ref053], [@pone.0230914.ref062], [@pone.0230914.ref064]\], 5 studies used the Eastern Cooperative Oncology Group Performance Status (ECOG-PS) \[[@pone.0230914.ref044], [@pone.0230914.ref048], [@pone.0230914.ref049], [@pone.0230914.ref058], [@pone.0230914.ref063]\], and one study used the Prognostic Nutritional Index (PNI)\[[@pone.0230914.ref057]\]. None of the studies reported frailty status or morbidity, mood, cognitive function or social environment parameters in older patients.

Outcomes of surgical resection of mCRC in older vs. younger patients {#sec017}
--------------------------------------------------------------------

The 19 studies that reported on the outcomes of surgical resection for CRC metastases presented different study designs, populations, and settings ([Table 1](#pone.0230914.t001){ref-type="table"}). Overall, the outcomes of liver resection for CRLM were investigated in 7579 older patients, 179 very old patients, and 15904 younger patients \[[@pone.0230914.ref025], [@pone.0230914.ref040], [@pone.0230914.ref042], [@pone.0230914.ref044], [@pone.0230914.ref045], [@pone.0230914.ref047], [@pone.0230914.ref050]--[@pone.0230914.ref052], [@pone.0230914.ref054]--[@pone.0230914.ref057], [@pone.0230914.ref059]--[@pone.0230914.ref064], [@pone.0230914.ref067]\]. The use of portal vein embolization before surgery was reported in 5 studies \[[@pone.0230914.ref045], [@pone.0230914.ref054], [@pone.0230914.ref061], [@pone.0230914.ref063], [@pone.0230914.ref064]\], which was not applied differently between older and younger patients.

Although the disease stage was not systematically reported, the metastases characteristics were described in the majority of the studies (84.2%), with seldom differences between the groups. However, older patients usually presented with comorbidities, greater ASA score, and lower treatment rate than younger patients. In general, older patients were less likely to undergo major liver resection and less likely to receive perioperative chemotherapy.

Ten studies found similar postoperative complication rates between older and younger patients \[[@pone.0230914.ref047], [@pone.0230914.ref048], [@pone.0230914.ref051], [@pone.0230914.ref052], [@pone.0230914.ref056], [@pone.0230914.ref057], [@pone.0230914.ref061]--[@pone.0230914.ref064]\], whereas 5 studies reported a higher incidence of postoperative complications in the older \[[@pone.0230914.ref050], [@pone.0230914.ref054], [@pone.0230914.ref055], [@pone.0230914.ref059], [@pone.0230914.ref060]\]. Four studies did not report morbidity rates \[[@pone.0230914.ref025], [@pone.0230914.ref040], [@pone.0230914.ref042], [@pone.0230914.ref044]\]. Similarly, 12 studies reported a similar postoperative mortality between older and younger patients \[[@pone.0230914.ref045], [@pone.0230914.ref047], [@pone.0230914.ref050]--[@pone.0230914.ref052], [@pone.0230914.ref055]--[@pone.0230914.ref057], [@pone.0230914.ref061]--[@pone.0230914.ref064]\], whereas a significantly higher postoperative mortality was observed in 4 studies \[[@pone.0230914.ref040], [@pone.0230914.ref054], [@pone.0230914.ref059], [@pone.0230914.ref060]\]. In the majority of the studies (11/18, 61.1%), older patients had a worse overall survival compared to younger patients \[[@pone.0230914.ref025], [@pone.0230914.ref040], [@pone.0230914.ref042], [@pone.0230914.ref044], [@pone.0230914.ref047], [@pone.0230914.ref054], [@pone.0230914.ref055], [@pone.0230914.ref057], [@pone.0230914.ref059], [@pone.0230914.ref062]\]. However, the majority of the studies found that age was not an independent predictor of OS and DFS, supporting the conclusion that the advanced chronologic age should not be regarded as a medical contraindication to hepatic resection for CRLM.

Meta-analyses were performed by the patients' age group and as a global comparison between older and younger patients. Eleven studies compared patients aged ≥70 years vs. patients aged \<70 years \[[@pone.0230914.ref047], [@pone.0230914.ref050], [@pone.0230914.ref052], [@pone.0230914.ref054]--[@pone.0230914.ref057], [@pone.0230914.ref059], [@pone.0230914.ref062]--[@pone.0230914.ref064]\], and 5 studies were selected to compare patients aged ≥75 years vs. patients aged \<75 years \[[@pone.0230914.ref040], [@pone.0230914.ref045], [@pone.0230914.ref051], [@pone.0230914.ref060], [@pone.0230914.ref061]\].

The operative time was significantly shorter in older patients, whereas no age-related difference was found for the transfusion rate and R0 resection ([Fig 2](#pone.0230914.g002){ref-type="fig"}). Blood loss was estimated in only 6 studies comparing 337 patients aged ≥70 years vs. 839 patients aged \<70 years \[[@pone.0230914.ref050], [@pone.0230914.ref052], [@pone.0230914.ref056], [@pone.0230914.ref057], [@pone.0230914.ref062], [@pone.0230914.ref064]\]. Pooled data analysis showed a non significant difference between the groups (MD: 14.85 \[95%CI: -8.59; 38.27\], p = 0.21; I^2^: 44%) ([S2 Fig](#pone.0230914.s003){ref-type="supplementary-material"}).

![Forest plots of operative outcomes of liver resection for CRLM in older vs. younger patients.\
The following outcomes were analyzed: a. operative time (min); b. transfusion rate (n); and c. R0 resection (n).](pone.0230914.g002){#pone.0230914.g002}

Postoperative bile leak and liver failure were not different between older and younger patients undergoing liver resection for CRLM ([S3 Fig](#pone.0230914.s004){ref-type="supplementary-material"}). Pulmonary complications were evaluated in 6 studies comparing 397 patients aged ≥70 years vs. 1096 patients aged \<70 years \[[@pone.0230914.ref054], [@pone.0230914.ref056], [@pone.0230914.ref057], [@pone.0230914.ref062]--[@pone.0230914.ref064]\] and were not different between the groups (RR: 1.75 \[95%CI: 0.69; 4.44\], p = 0.24; I^2^: 66%) ([S4 Fig](#pone.0230914.s005){ref-type="supplementary-material"}). The rates of overall postoperative complications ([Fig 3A](#pone.0230914.g003){ref-type="fig"}), as well as the occurrence of major postoperative complications (classified as Dindo-Clavien III or more) ([S5 Fig](#pone.0230914.s006){ref-type="supplementary-material"}) and the overall hospital stay ([Fig 3B](#pone.0230914.g003){ref-type="fig"}), were similar between older and younger patients. Conversely, a significantly higher postoperative mortality was observed in older patients (RR: 2.53), overall and when considering age cut-off of ≥70 years old or ≥75 years old ([Fig 3C](#pone.0230914.g003){ref-type="fig"}). Concerning the survival analysis, older patients had a worse survival compared with younger patients but a similar DFS ([Fig 4](#pone.0230914.g004){ref-type="fig"}).

![Forest plots of postoperative outcomes of liver resection for CRLM in older vs. younger patients.\
The following outcomes were analyzed: a. overall postoperative complications (n), b. hospital stay (days), and c. mortality (n).](pone.0230914.g003){#pone.0230914.g003}

![Forest plots of survival rates of older vs. younger patients after liver resection for CRLM.\
The following outcomes were analyzed: a. overall survival and b. disease-free survival.](pone.0230914.g004){#pone.0230914.g004}

Outcomes of non-surgical local ablation of mCRC in older vs. younger patients {#sec018}
-----------------------------------------------------------------------------

The outcomes of yttrium-90-labeled resin microsphere radioembolization (90Y-RE) were assessed in 3 studies involving a total of 809 patients \[[@pone.0230914.ref049], [@pone.0230914.ref053], [@pone.0230914.ref058]\] and were compared between older (≥70 years old) and younger patients (\<70 years old) ([Table 2](#pone.0230914.t002){ref-type="table"}). 90Y-RE was indicated for patients with CRLM who were refractory, exhausted or declined standard CT regimens \[[@pone.0230914.ref049], [@pone.0230914.ref058]\], or patients with diffuse, liver-dominant involvement \[[@pone.0230914.ref053]\]. Overall, 90Y-RE was equally well tolerated in both the older and younger patient groups, with no different rate and severity of adverse events. Mortality at 90 days ranged between 12.5% to 18.1%, without differences related to the age group \[[@pone.0230914.ref049], [@pone.0230914.ref058]\]. Median survival did not reach 1 year after 90Y-RE (range: 6.5--9.7 months)\[[@pone.0230914.ref049], [@pone.0230914.ref053], [@pone.0230914.ref058]\] independent of the age group. Although older patients appeared to be less likely to receive more than 1 90Y-RE procedure and a lower liver volume was treated, all 3 studies concluded that age alone should not be a discriminating factor for the use of 90Y-RE in the management of mCRC \[[@pone.0230914.ref049], [@pone.0230914.ref053], [@pone.0230914.ref058]\]. Pooled data analysis was possible only for postoperative mortality. Based on two studies \[[@pone.0230914.ref049], [@pone.0230914.ref058]\], including 204 older patients vs. 510 younger patients, the postoperative mortality rate post 90Y-RE was not different between the groups (RR: 1.39 \[95%CI: 0.95, 2.02\], p = 0.09; I^2^: 0%) ([S6 Fig](#pone.0230914.s007){ref-type="supplementary-material"}).

Only one study evaluated the outcomes of radiofrequency ablation (RFA) applied in 60 mCRC patients, and high-dose-rate brachytherapy (HDR-BT) applied in 192 mCRC patients \[[@pone.0230914.ref053]\]. For RE, local ablation was selected in potentially resectable metastases only if patients had an unfavorable performance status and/or severe comorbidities (resulting in a high risk of perioperative morbidity and mortality) or if patients refused surgery. RFA was preferentially applied for patients with single lesions up to 3 cm in diameter, whereas interstitial HDR-BT was applied for oligometastatic disease \[[@pone.0230914.ref053]\]. The median survival rate reported for RFA was 26.7 months for older patients vs. 24.3 months for younger patients, whereas it was 19.1 months for older patients vs. 18.2 months for younger patients receiving HDR-BT. No age-related differences were found, suggesting that local ablation treatments can be safely performed in older people, although the type of local ablation treatment seems to have no impact on OS. The presence of comorbidity, in particular moderate to severe renal insufficiency, appeared to negatively impact the outcomes of local therapies \[[@pone.0230914.ref053]\].

Outcomes of different treatments for mCRC in older patients {#sec019}
-----------------------------------------------------------

Comparisons at the intervention level included 1 study that compared first hepatectomy vs. repeated hepatectomy \[[@pone.0230914.ref046]\] in older patients (≥70 years old), 2 studies that compared hepatic resection vs. no hepatic resection for CRLM \[[@pone.0230914.ref026], [@pone.0230914.ref041]\], 2 studies that compared CT vs. other treatments (including surgery and multimodality treatments, MMT)\[[@pone.0230914.ref043], [@pone.0230914.ref048]\], and 2 studies that compared laparoscopic hepatectomy vs. open hepatectomy \[[@pone.0230914.ref065], [@pone.0230914.ref066]\] in older patients ([Table 3](#pone.0230914.t003){ref-type="table"}). CRC metastases were highly heterogeneous in their presentation, in terms of number of lesions, size and type (synchronous or metachronous). Overall, survival was dependent on the patient's age \[[@pone.0230914.ref026], [@pone.0230914.ref041], [@pone.0230914.ref043], [@pone.0230914.ref048]\] and was significantly better in patients who underwent hepatic resection for CRLM (based on 2 population-based studies, including 54736 patients)\[[@pone.0230914.ref026], [@pone.0230914.ref041]\].

The comparisons between laparoscopic and open surgery for the resection of CRLM in older patients (2 PSM studies, including 1160 patients before PSM and 608 patients after PSM) showed that the operative approach is not a predictor of 5-year OS and 5-year DFS \[[@pone.0230914.ref065], [@pone.0230914.ref066]\], although a significantly lower postoperative morbidity was associated with laparoscopic hepatectomy, particularly in the age groups \< 80 years \[[@pone.0230914.ref066]\]. The meta-analytic approach was used to pool together data from these two studies and compare laparoscopy vs. open surgery \[[@pone.0230914.ref065], [@pone.0230914.ref066]\], reaching a total of 304 patients in the laparoscopic group and 304 patients in the open surgery group. The forest plots ([Fig 5](#pone.0230914.g005){ref-type="fig"}) show a significant difference in favor of laparoscopy for blood loss, hospital stay, and rate of major postoperative complications. The operative time was not different between the two surgical approaches. A sensitivity analysis was conducted pooling together data from the study by Zeng et al. \[[@pone.0230914.ref065]\](all patients aged ≤75 years) and a subsample of patients from the study of Martinez-Cecilia et al. \[[@pone.0230914.ref066]\] aged between 70 and 74 years (n = 356). This analysis confirmed the previous results for operative time (MD: 13.9 \[95%CI: -39.93, 67.73\]; p = 0.61; I^2^: 95%), blood loss (MD: -72.54 \[95%CI: -100.19, -44.89\]; p\<0.001; I^2^: 93%), hospital stay (MD: -2.86 \[95%CI: -4.55, 0.55\]; p\<0.0001; I^2^: 0%), and severe postoperative complication rate (RR = 0.27 \[95%CI: 0.10, 0.73\]; p = 0.01; I^2^: 0%) between laparoscopy and open surgery. OS and DFS were not different between the two surgical approaches ([Fig 5E and 5F](#pone.0230914.g005){ref-type="fig"}).

![Forest plots of operative and postoperative outcomes of laparoscopic liver resection vs. open liver resection for CRLM in older patients.\
The following outcomes were analyzed: a. blood loss (mL); b. operative time (min); c. major postoperative complications (n); d. hospital stay (days); e. overall survival; and f. disease-free survival.](pone.0230914.g005){#pone.0230914.g005}

Study quality assessment {#sec020}
------------------------

Fourteen studies were judged as having low quality and thus had a high risk of bias ([S1 Table](#pone.0230914.s008){ref-type="supplementary-material"}). The remaining studies scored ≥ 6 on the NOS.

Discussion {#sec021}
==========

The present systematic review and meta-analysis comprised studies published in the last 19 years that investigated the outcomes of surgical and non-surgical regional treatments for mCRC in older patients. The qualitative synthesis revealed that the current pertinent literature is lacking RCTs while only retrospective studies with heterogonous study design, study populations, and study outcomes can be found. Notwithstanding, the review question remains extremely actual and critical, considering the increasing life expectancy of the general population and the compelling incidence of mCRC in older patients \[[@pone.0230914.ref005]--[@pone.0230914.ref008]\].

The treatment of mCRC requires a multidisciplinary approach that must include chemotherapy, surgery or other regional strategies to be curative \[[@pone.0230914.ref015], [@pone.0230914.ref016]\]. This results in a complex management burden by morbidity and adverse events that can be more frequent and severe in already frail patients. Indeed, it appears from the literature that although all treatments can be considered for older patients with mCRC, these patients are less likely to receive aggressive curative-intent therapies compared to younger ones \[[@pone.0230914.ref040], [@pone.0230914.ref042], [@pone.0230914.ref054], [@pone.0230914.ref057]\]. The main reason is found in the anticipated risk of mortality and morbidity that guides clinicians to choose a less aggressive approach. However, overall, the literature states that the patient's advanced chronologic age cannot be considered as an absolute medical contraindication for regional treatments in case of mCRC \[[@pone.0230914.ref049], [@pone.0230914.ref058]\], including surgical resection of CRC metastases \[[@pone.0230914.ref051], [@pone.0230914.ref052], [@pone.0230914.ref055]--[@pone.0230914.ref057], [@pone.0230914.ref062], [@pone.0230914.ref064]\]. Pooled data analyses support this therapeutic attitude, since no difference was found in terms of operative parameters and postoperative complications between older (both aged ≥70 and 75 years) and younger patients. However, older patients are at 2 to 3-fold increased risk of postoperative mortality compared to younger patients. This finding may reflect the increased ASA score and comorbidity index usually observed in older patients undergoing treatments for mCRC and may reflect a lower likelihood of older patients to recover after postoperative complications. Indeed, in most of the studies, a significant imbalance between the two age groups was noted for these clinical variables, but their impact as covariates is hardly assessable. Notwithstanding it, we may hypothesize that although the estimated rate of postoperative complications is similar between older and younger patients, whenever a postoperative complication occurs, this is more likely to be fatal in the older patient group. Conversely, no significant age-related difference was noted for mortality rate after 90Y-RE.

Pooled survival analyses showed that older age is associated with worse survival after surgery for mCRC, as expected. However, disease-free survival rates appear not to be affected by the patients' age. These data suggest that the risk of cancer recurrence is similar between older and younger patients, underlying a negligent impact of chronological age on DFS, and it can be interpreted as indirect proof of a similar success rate of CRLM surgical resection in both older and younger CRC patients.

Considering the surgical approach to liver resection, the two selected comparative studies demonstrated that there is no difference in terms of OS and DFS outcomes between open surgery and laparoscopy in older patients \[[@pone.0230914.ref065], [@pone.0230914.ref066]\]. However, open surgery is associated with a 2.6 times greater risk of major postoperative complications \[[@pone.0230914.ref065], [@pone.0230914.ref066]\] and overall postoperative morbidity compared to laparoscopy \[[@pone.0230914.ref066]\]. These findings are in accordance with the results of the OSLO-COMET RCT that demonstrated the superiority of laparoscopic liver resection for mCRC \[[@pone.0230914.ref068]\], and supports the use of laparoscopy also in selected older patients. Moreover, they corroborate the findings of a recent meta-analysis that evaluated the outcomes of all types of laparoscopic liver resection (for both benign and malignant lesions) in older patients, and reported significantly better intra-operative (e.g., bleeding) and postoperative outcomes (e.g., severe Dindo-Clavien complications) for laparoscopy vs. open surgery \[[@pone.0230914.ref069]\]. It must be noted that the surgical approach chosen may have a relevant impact on postoperative outcomes, especially in a higher-risk patient population such as older patients. Indeed, minimizing surgical trauma can facilitate the patient's recovery and results in benefits from both the patient's perspective and the healthcare system's perspective. Thus, age should not be regarded as a contraindication for laparoscopy; rather, this approach should be preferred whenever an adequate surgeon's proficiency and experience is insured \[[@pone.0230914.ref070]\].

The results of the present systematic review and meta-analysis should be interpreted in light of the study limitations, among which we must acknowledge the clinical heterogeneity of the included studies, the lack of a standardized age definition and outcomes, and the lack of variable adjustments on potential confounders such as the score of frailty. It is highly difficult to assess the potential bias linked to the selection of patients for whom the treatment is indicated. Moreover, all included studies have a retrospective design, which increases the risk of selection and reporting bias. However, we attempted to reduce other potential sources of bias by performing a literature search limited to the time period 2000--2019, which avoided important discrepancies that may be found when comparing treatment protocols and indications prior to the year 2000. Finally, the literature search and evaluation were performed by two independent and blind reviewers, a digestive surgeon and a geriatric oncology specialist, who were advised by a team of multidisciplinary contributors including oncologists, geriatrics, gastroenterologists, hepatologists, radiologists, and methodologists.

Key-points and future research perspectives {#sec022}
===========================================

-   Standardized treatment protocols and international guidelines are eagerly awaited in order to limit unjustified treatment differences based on the patient's age.

-   A standardized definition of older patient, comprising a validated evaluation of frailty, should be systematically used in studies focusing on the treatment of mCRC in order to allow a better comparability of study outcomes and provide a stronger evidence-based interpretation of study results.

-   Whenever a curative-intent surgical resection for mCRC can be attempted, this should be encouraged and tailored to the patient's performance status, comorbidity index and willingness to receive treatments rather than on age. These factors should be evaluated preoperatively in multidisciplinary meetings, which should involve oncologists, geriatrics, gastroenterologists, hepatologists, radiologists, and liver surgeons, to insure the best patient global management.

-   Prospective single center or multicenter registers are required to assess patient-centered outcomes, such as the quality of life for CRC survivors with or without a recurrence of cancer. These outcomes are currently completely disregarded in the literature.

-   Development of treatment protocols tailored to older patient populations will consequently have an impact on the economic burden of CRC, with direct and indirect medical costs that are expected to increase due to population changes alone \[[@pone.0230914.ref071]\]. In the case of mCRC, it is also extremely relevant to investigate the financial burden of cancer for the patients and their family to assist health care policy makers in their efforts to improve the quality of survivorship in older patients.

Conclusion {#sec023}
==========

The present systematic review and meta-analysis suggest that older patients undergoing surgery and local ablation treatments for mCRC have similar operative outcomes and similar postoperative complication rates as younger patients. These treatment options should not be disregarded *a priori* in patients aged 65 years or more, but clinicians should be aware that older patients are at an increased risk of postoperative mortality and have a worse overall survival compared to younger patients. These two outcomes may reflect the competitive effects of comorbidity and frailty of the older population, which need to be further evaluated in future studies.
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Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

b\) Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc. 

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to  PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and  there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

5.  One of the noted authors is a group or consortium: SoFOG (Societé Francophone d'Oncogeriatrie)

In addition to naming the author group, please list the individual authors and affiliations within this group in the acknowledgments section of your manuscript. Please also indicate clearly a lead author for this group along with a contact email address.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: In this manuscript the authors focus on an interesting clinical question concerning the management of elder patients affected by CRLM. The article is well written, the PRISMA guidelines are well followed, the statistics are good and the conclusions are fairly supported by the results. I have some minor comments that should be addressed by the authors.

1\) I feel that there is some discrepancy and confusion with terminology throughout the manuscript: with \"regional treatments\" i was expecting only non-surgical treatments while you include also liver resections. I would clearly separate the two and be more appealing even in your title as it is my opinion that you are giving us some sound conclusions that liver resections are a good options in older patients. This is the main message of you article rather than regional and non-surgical treatments.

2\) There are too many tables and these are over written. It is good to me because i had the chance to see that you carefully screened the manuscripts. However, this is too much even in the setting of editorial policies i guess. I would merge some tables and cut down the number of words in each field. Give results, not comments.

3\) Similarly, the number of figures is way too much. Figure 2,3,4, and 5 for example, i would combine and give one figure with the Forest plots of intraoperative outcomes and one with the postoperative outcomes. We don\'t need specific results for bile leak and ascites.

Reviewer \#2: Authors correctly stated that the treatment of older patients is a hot topic in all the fields of medicine. The treatment of liver metastases from colorectal cancer fell in this topic.

A great effort has been made by them in the evaluation of paper dealing with this argument and published in the English written literature. A total of 29 paper has been selected and evaluated with a rigorous methodology. The paper support the performance of curative treatments even in the setting of older patients, since the results published in the literature and analyzed in this meta-analysis do not show inferior results when compared with those achieved in younger patients.

Included studies are retrospective.

It is obvious that older patients are more prone to develop postoperative complications and this came out also from their analysis.

Few considerations should be evaluated and possibly included in the text.

1\) There is no mention of the stage of the diseases that has been treated. It is possible that older patients have been treated for less invasive in term of number of metastatic nodules and diameter of the tumor. At page 8 (Data extraction and quality assessment) there is no mention of the stage of the disease that have been operated. Probably this could not be retrieved from papers. Nevertheless, I believe it should be mention as not retrievable and included in the discussion chapter.

2\) At page 8 it is stated that the "type of intervention" has been included into the considered variable. When dealing with surgical treatments, "type of intervention" usually refers to the extension of the hepatectomy performed. Maybe the Authors should better clarify the definition.

3\) Could it be possible to retrieve the extension of the hepatectomy performed from the collected manuscripts? It is possible that major hepatectomies are rarely permed in older patients. If this data could not be collected, it should be stated in the "data extraction" subchapter and commented in the "Discussion" chapter.

4\) Page 50 -- Key-point \#3. Up to today, the only "curative-intent" strategy in the treatment of colorectal liver metastasis is the surgical resection. It should be stated clearly at this point, not to leading to misunderstandable messages to the readers.

5\) As a consequence, it is advisable to include among the key-points, that these patients should be evaluated for treatment by a multidisciplinary committee that should mandatory include the figure of a hepatic surgeon.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Gian Luca Grazi, MD

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Response to Reviewers -- Manuscript PONE-D-19-31837

Journal requirements:

When submitting your revision, we need you to address these additional requirements:

1\. Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at <http://www.plosone.org/attachments/PLOSOne_formatting_sample_main_body.pdf> and <http://www.plosone.org/attachments/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

A: We revised the manuscript for conformity to style requirements.

2\. We noticed you have some minor occurrence(s) of overlapping text with the following previous publication(s), which needs to be addressed:

<http://doi.org/10.1001/jamasurg.2016.5665>

<http://dx.doi.org/10.3748/wjg.v21.i39.11185>

In your revision ensure you cite all your sources (including your own works), and quote or rephrase any duplicated text outside the Methods section. Further consideration is dependent on these concerns being addressed.

A: We used iThenticate software to detect all overlaps with previous publications and thus we provided citations or rephrasing whenever necessary allover the manuscript, in particularly for the two articles that you indicated. The matching rate did not exceed 1% for all publications cited in the text.

3\. To comply with the items on the PRISMA checklist, please structure the abstract in subheadings.

A: We structured the abstract in subheadings.

4\. Thank you for stating the following in the Competing Interests section: \"The authors have declared that no competing interests exist.\"

A: We completed this section.

We note that one or more of the authors are employed by a commercial company: \"Pr P Pessaux is orator for Integra and co-founder of VirtualiSurg.\"

a\) Please provide an amended Funding Statement declaring this commercial affiliation, as well as a statement regarding the Role of Funders in your study. If the funding organization did not play a role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript and only provided financial support in the form of authors\' salaries and/or research materials, please review your statements relating to the author contributions, and ensure you have specifically and accurately indicated the role(s) that these authors had in your study. You can update author roles in the Author Contributions section of the online submission form.

Please also include the following statement within your amended Funding Statement.

"The funder provided support in the form of salaries for authors \[insert relevant initials\], but did not have any additional role in the study design, data collection and analysis, decision to publish, or preparation of the manuscript. The specific roles of these authors are articulated in the 'author contributions' section."

If your commercial affiliation did play a role in your study, please state and explain this role within your updated Funding Statement.

A: We updated the Funding section with more details. Please note that we did not receive any external financial support or research grants to perform this systematic review and meta-analysis. The institutional support is limited to the authors' own salary. Pr Pessaux declared his relationship with a commercial affiliation, which however has NO role in the present study. No competing interest is declared in relation with the matter of the present study.

b\) Please also provide an updated Competing Interests Statement declaring this commercial affiliation along with any other relevant declarations relating to employment, consultancy, patents, products in development, or marketed products, etc.

A: We updated the competing interest statement.

Within your Competing Interests Statement, please confirm that this commercial affiliation does not alter your adherence to all PLOS ONE policies on sharing data and materials by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." (as detailed online in our guide for authors <http://journals.plos.org/plosone/s/competing-interests>) . If this adherence statement is not accurate and there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Please include both an updated Funding Statement and Competing Interests Statement in your cover letter. We will change the online submission form on your behalf.

A: Done

5\. One of the noted authors is a group or consortium: SoFOG (Societé Francophone d'Oncogeriatrie)

In addition to naming the author group, please list the individual authors and affiliations within this group in the acknowledgments section of your manuscript. Please also indicate clearly a lead author for this group along with a contact email address.

A: We did not intend the scientific society (SoFOG) as author group of the manuscript. Two authors (EP, TA) are presidents of this scientific society who promoted the work (only scientifically, no financial support, no role in study design, data interpretation or publication policy). We thus kept the SoFOG only in the acknowledgments section.

Reviewers' comments

Reviewers' comments are indicated with R, authors' responses with A.

Reviewer \#1

R: In this manuscript the authors focus on an interesting clinical question concerning the management of elder patients affected by CRLM. The article is well written, the PRISMA guidelines are well followed, the statistics are good and the conclusions are fairly supported by the results.

A: Thank you for your positive comment and for the time spent revising our manuscript.

I have some minor comments that should be addressed by the authors.

R1) I feel that there is some discrepancy and confusion with terminology throughout the manuscript: with \"regional treatments\" i was expecting only non-surgical treatments while you include also liver resections. I would clearly separate the two and be more appealing even in your title as it is my opinion that you are giving us some sound conclusions that liver resections are a good options in older patients. This is the main message of you article rather than regional and non-surgical treatments.

A: We agree with the reviewer, and we opted for a more precise title rather than a generic one that can be potentially confusing. Consequently, we revised the entire manuscript for consistency.

2\) There are too many tables and these are over written. It is good to me because i had the chance to see that you carefully screened the manuscripts. However, this is too much even in the setting of editorial policies i guess. I would merge some tables and cut down the number of words in each field. Give results, not comments.

A: We agree with the reviewer. We merged the 6 tables into 3 tables and we did our best to reduce the number of word and summarized the content of the tables in a format that will be easer for the reader.

3\) Similarly, the number of figures is way too much. Figure 2,3,4, and 5 for example, i would combine and give one figure with the Forest plots of intraoperative outcomes and one with the postoperative outcomes. We don\'t need specific results for bile leak and ascites.

A: We agree with the reviewer. As suggested, we merged several forest plots to have only 5 figures, the rest is proposed as supplemental materials.

Reviewer \#2

Authors correctly stated that the treatment of older patients is a hot topic in all the fields of medicine. The treatment of liver metastases from colorectal cancer fell in this topic.

A great effort has been made by them in the evaluation of paper dealing with this argument and published in the English written literature. A total of 29 paper has been selected and evaluated with a rigorous methodology. The paper support the performance of curative treatments even in the setting of older patients, since the results published in the literature and analyzed in this meta-analysis do not show inferior results when compared with those achieved in younger patients.

Included studies are retrospective.

It is obvious that older patients are more prone to develop postoperative complications and this came out also from their analysis.

A: Thank you for your positive comments and for the time spent revising our manuscript.

Few considerations should be evaluated and possibly included in the text.

R1) There is no mention of the stage of the diseases that has been treated. It is possible that older patients have been treated for less invasive in term of number of metastatic nodules and diameter of the tumor. At page 8 (Data extraction and quality assessment) there is no mention of the stage of the disease that have been operated. Probably this could not be retrieved from papers. Nevertheless, I believe it should be mention as not retrievable and included in the discussion chapter.

A: We agree with the reviewer that it is important to report the stage of disease and metastasis characteristics and whether these factors were significantly different between older and younger patients receiving liver surgery. In Table 1 we reported the detailed characteristics of metastases for each articles included and we indicated whenever there is any significant group difference. We had also reported the presence of imbalance between groups (and on which variables). However, in this revised version, as suggested by reviewer \#1, we simplified the tables to cut down the number at 3 tables only. We had to remove the column about group imbalances. However, we checked and no mention of disease stage was ever made by the different authors. This is hardly assessable from the selected paper, but we mentioned it in the results section.

R2) At page 8 it is stated that the "type of intervention" has been included into the considered variable. When dealing with surgical treatments, "type of intervention" usually refers to the extension of the hepatectomy performed. Maybe the Authors should better clarify the definition.

A: Thank you, we better clarified it in the text.

R3) Could it be possible to retrieve the extension of the hepatectomy performed from the collected manuscripts? It is possible that major hepatectomies are rarely permed in older patients. If this data could not be collected, it should be stated in the "data extraction" subchapter and commented in the "Discussion" chapter.

A: Whenever available in the selected studies, these details are presented in Table 1 (column Type of intervention), specifying if major or minor hepatectomies and if differences between the groups.

R4) Page 50 -- Key-point \#3. Up to today, the only "curative-intent" strategy in the treatment of colorectal liver metastasis is the surgical resection. It should be stated clearly at this point, not to leading to misunderstandable messages to the readers.

A: We agree with the reviewer and we revised the key point accordingly.

R5) As a consequence, it is advisable to include among the key-points, that these patients should be evaluated for treatment by a multidisciplinary committee that should mandatory include the figure of a hepatic surgeon.

A: We agree with the reviewer and we revised the key point accordingly.
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Dear Dr. de\'Angelis,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Giuseppe Nigri

Academic Editor
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Surgical and regional treatments for colorectal cancer metastases in older patients: A systematic review and meta-analysis

Dear Dr. de\'Angelis:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Giuseppe Nigri

Academic Editor
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